Introduction
============

Approximately one-fifth of patients with ulcerative colitis (UC) develop acute severe ulcerative colitis (ASC) during disease progression ([@b1-etm-0-0-8861],[@b2-etm-0-0-8861]). In patients with ASC, intravenous glucocorticoids remain the basic treatment. When corticosteroid cannot control the disease, the treatment strategy should be adjusted in time to salvage treatment or surgical treatment ([@b3-etm-0-0-8861]). Delay in treatment increases the risk of treatment and surgical complications in ASC patients, and increases the financial burden of patients ([@b4-etm-0-0-8861]).

The determination of disease activity is an important basis for the evaluation of glucocorticoids or the adjustment of treatment regimens ([@b5-etm-0-0-8861]). Common methods for determining disease activity include clinical manifestations (body temperature, heart rate, times of stool blood), inflammatory indicators \[C-reactive protein (CRP), erythrocyte sedimentation rate (ESR)\], and endoscopic evaluation ([@b6-etm-0-0-8861]). At present, colonoscopy and, if necessary, colonoscopy specimen is still the gold standard for UC activity determination, and UC endoscopic severity score (UCEIS), as an objective and effective reflection and assessment of endoscopic intestinal mucosal injury, has largely reduced the subjective factors of clinicians ([@b9-etm-0-0-8861]). However, colonoscopy at ASC has the risk of causing intestinal perforation and aggravating toxic enteritis, and repeated colonoscopy increases patient suffering and risk when evaluating treatment outcomes ([@b12-etm-0-0-8861]). Therefore, it is necessary to implement a non-invasive, safe and accurate surrogate index reflecting the severity of the lesion under the endoscope.

Fecal calprotectin (FC) is derived from neutrophils and macrophages and is released into the feces along with degranulation of inflammatory cells during intestinal mucosal inflammation. It is stable in nature and can be stored at room temperature for 7 days without being decomposed by various bacteria and enzymes. It has a significant correlation with the degree of mucosal lesions and the therapeutic effect of the disease, and is a sensitive marker for the evaluation of inflammatory activity and therapeutic effects ([@b13-etm-0-0-8861]). As a non-invasive method, FC has some advantages that are not available in colonoscopy and hematologic inflammation indicators. However, in ASC patients, there are few related studies regarding the correlation between FC level and endoscopic intestinal mucosal inflammatory activity index and clinical outcomes. This study was designed to determine the association between FC and UCEIS and ASC clinical outcomes by measuring FC in patients with ASC of different endoscopy severity.

Patients and methods
====================

### Case selection

A retrospective analysis of UC patients who met our ASC criteria from January 2014 to April 2016 was performed. The diagnosis of UC is based on clinical signs and symptoms, laboratory tests, and pathology; the diagnosis of ASC is based on the Truelove-Witts criteria ([@b16-etm-0-0-8861]), which is bloody purulent stool \>6 times/days, accompanied by any one or more of the following: heart rate \>90 beats/min, body temperature \>37.8˚C, hemoglobin (Hb) \<10.5 g/dl, CRP \>30 mg/dl or ESR \>30 mm/h. All the patients underwent rectal sigmoidoscopy within one week of venous corticosteroid therapy and FC examination within 3 days of colonoscopy. All patients required a CT scan of the abdomen. The exclusion criteria were: age \<18 years; ASC diagnosis was not clear; treatment data was incomplete, such as no colonoscopy, no FC results; venous corticosteroid or biological agents were used within 3 months. The study was approved by the Ethics Committee of Jining No. 1 People\'s Hospital (Jining, China). Signed informed consents were obtained from the patients and/or guardians.

### UCEIS

The UCEIS scoring system consists of 3 parts, and the cumulative score is the final evaluation, including: vascular network (score 0-2), bleeding (score 0-3), erosion and ulceration (score 0-3), total score was 0-8 points ([Table I](#tI-etm-0-0-8861){ref-type="table"}). Two endoscopists independently performed UCEIS assessments based on colonoscopy images, and the entire assessment process followed the blinded principle. When the two results were inconsistent, a senior doctor participated in the final judgment. According to the UCEIS cumulative score, the disease activity was divided into three levels: mild (UCEIS=2-4); moderate (UCEIS=5-6) and severe (UCEIS=7-8).

### Collection and inspection of stool specimens

Stool samples (5-10 g) were collected within 3 days of colonoscopy for FC testing. The sample and the extractant were mixed according to weight: Volume (g/ml)=1:49 and thoroughly stirred. After centrifugation at high speed (10,000 x g at 4˚C for 5 min), the supernatant was collected for detection of FC, and 1 ml was reserved for use. Double antibody sandwich enzyme-linked immunosorbent assay (ELISA) was used to analyze the FC level, and the microplate reader detection wavelength was 450 nm. If calprotectin was not detected at a ratio of 1:49, the dilution ratio was increased until detected.

### Treatment strategy and clinical outcome evaluation

The patient\'s treatment process and related clinical decision-making after admission were based on the consensus opinion on the diagnosis and treatment of inflammatory bowel disease in China ([@b17-etm-0-0-8861]), and the patient\'s lesion range was based on Montréal classification (E1/E2/E3).

Patients with ASC were routinely given methylprednisolone 60 mg/day or hydrocortisone 400 mg/day after admission. The corticosteroid treatment effect was judged after 3-5 days of continuous administration. For patients with ineffective or partially effective outcomes, prolonged treatment time or salvage therapy (infliximab or cyclosporine) was given. The rescue treatment was intravenous infliximab (0, 2, 6 weeks; dose, 5 mg/kg). For patients with persistent signs and symptoms, surgery was performed immediately after surgical indications such as gastrointestinal bleeding, intestinal perforation, or toxic megacolon. Patients with severe malnutrition were given enteral or parenteral nutritional support depending on their intestinal condition. For patients with hypoproteinemia \[albumin (ALB) \<25 g/l\], intravenous infusion of ALB was given. Low molecular weight heparin was routinely administered subcutaneously to prevent thrombosis.

Main outcome indicators include: i) Ineffective treatment of glucocorticoid, which indicates that after 3-5 days of continuous treatment of glucocorticoid, the symptoms did not improve significantly, and ultimately need to receive salvage treatment or even surgical treatment. ii) Surgery. After glucocorticoid or salvage treatment, some patients had continued deterioration of their symptoms, presenting surgical indications and eventually requiring surgery. Follow-up time: The median follow-up time was 14 days from the admission of the patient for acute severe ulcerative colitis to the discharge at the end of treatment.

### Statistical methods

The data was statistically analyzed using SPSS 20.0 statistical software. A single sample Kolmogorov-Smirnov (K-S) test was used to test whether the data was normally distributed, and the median and quartile distance of FC were calculated. Mann-Whitney U test was used for comparison between non-normal distribution data sets; other measurement data were expressed as mean ± standard deviation (mean ± SD), and t-test was performed. Correlation tests were performed using Spearman\'s rank correlation, and correlation coefficients were calculated. Sample size estimation was performed using MEDCAL 19.0 statistical software was used to calculate the sample size. The specific parameters were set as follows: Type I error (α, significance) = 0.05; type II error (β, 1-Power) = 0.10; area under receiver operating characteristics (ROC) curve = 0.75; null hypothesis value = 0.5; ratio of sample sizes in negative/positive groups = 2. After calculation, the minimum sample size is n=60. The ROC curve was also plotted, and the area under the curve (AUC) was calculated for analysis. The Youden\'s index was used to calculate the diagnostic value, and the sensitivity and specificity of the diagnostic value were calculated. P\<0.05 was considered statistically significant.

Results
=======

### Patient data

In total, 71 patients with ASC were enrolled, and 32 patients achieved remission within 5 days of intravenous steroid therapy. Of the remaining 39 patients, 16 had surgery due to worsening symptoms. Eleven patients were treated with prolonged venous corticosteroid treatment (7-10 days), and the symptoms improved. Twelve patients were given salvage therapy; 8 patients were induced to remission, and 4 patients were treated with surgery after ineffective treatment. A total of 28 patients failed venous corticosteroid therapy, and 20 patients underwent surgical treatment during admission. General information of patients is shown in [Table II](#tII-etm-0-0-8861){ref-type="table"}.

### Differences in FC and hematological parameters between different UCEIS score groups

FC was statistically different between UCEIS mild \[2-4\] and moderate \[5-6\] (P\<0.001) and moderate and severe \[7-8\] (P=0.016). There was a significant difference in CRP, Hb and ALB between UCEIS mild and moderate groups (P=0.023, P=0.011 and P=0.016, respectively), but there was no difference between moderate and severe groups (P=0.418, P=0.211 and P=0.071, respectively). There was no difference in ESR between different groups (P=0.228 and P=0.401) ([Table III](#tIII-etm-0-0-8861){ref-type="table"}).

### Correlation between UCEIS and FC and CRP, ESR and Hb

UCEIS was significantly associated with FC level (r=0.7290, P\<0.001), significantly associated with CRP level (r=0.4889, P\<0.001), and had no significant correlation with ESR (r=0.0405, P=0.736) and Hb (r=-0.1965, P=0.100) ([Fig. 1](#f1-etm-0-0-8861){ref-type="fig"}).

### FC and clinical outcome in patients with ASC

*Diagnostic performance of FC on the failure rate of corticosteroid therapy in patients with ASC.* When FC concentration was \>1327 µg/g, UCEIS \>5.5 and the concentration of ALB \<29.6 g, Youdon\'s index was the highest, which was the best threshold for diagnosing venous corticosteroid induction failure. Correlation specificity, sensitivity, AUC and its 95% confidence interval are shown in [Table IV](#tIV-etm-0-0-8861){ref-type="table"}. The ROC curve is shown in [Fig. 2](#f2-etm-0-0-8861){ref-type="fig"}.

*Diagnostic performance of FC in patients with ASC.* According to the diagnostic efficacy of different cut-off points of FC and UCEIS scores in ASC patients, it was found that when the concentration of FC was \>1681 µg/g, UCEIS \>6.5 and the concentration of ALB \<25.8 g, Youdon\'s index was the highest, which was the best threshold value for predicting the need for surgery in patients with ASC. The correlation specificity, sensitivity, AUC and its 95% confidence interval are shown in [Table IV](#tIV-etm-0-0-8861){ref-type="table"}. The ROC curve is shown in [Fig. 3](#f3-etm-0-0-8861){ref-type="fig"}.

Discussion
==========

Approximately 30-40% of ASC patients are unable to achieve clinical remission even with standard venous corticosteroid therapy ([@b18-etm-0-0-8861]). Selecting appropriate objective indicators to monitor changes in the patient\'s condition, together with timely, effective conversion of treatment strategies can reduce the risk of death in ASC patients and improve the success rate of salvage treatment or surgery ([@b3-etm-0-0-8861],[@b19-etm-0-0-8861],[@b20-etm-0-0-8861]). For ASC, clinical symptoms cannot fully reflect the activity of the disease. Blood indicators such as CRP and erythrocyte sedimentation rate can only be used as indicators of systemic inflammatory response, but cannot directly reflect endoscopic intestinal mucosal damage.

Colonoscopy is still the gold standard for reflecting ASC activity. As an objective evaluation index for endoscopic intestinal mucosal injury, UCEIS score is receiving increasing attention. UCEIS is based on intestinal mucosal vascular network injury, erosive and ulcer status and bleeding, by assessing the most severe part of mucosal damage, maximizing the objectiveness of the results, eliminating 86-88% inter-observer heterogeneity, and significantly correlating with patients\' clinical outcomes. Travis *et al* ([@b10-etm-0-0-8861]) found that, when the UCEIS score was 7-8, 13/14 of the symptoms in patients could not be relieved by intravenous corticosteroid therapy. However, colonoscopy, as an invasive examination, has a large burden on the patient. It is not well-accepted by the patients, and cannot continuously monitor the changes in patient\'s condition, often restricted in clinical practice. In patients with ASC, colonoscopy increases the risk of intestinal mucosal damage, and even results in toxic colitis and intestinal perforation.

FC detection is a convenient, non-invasive method for assessing intestinal mucosal damage. As a monitoring and evaluation tool, it can replace colonoscopy to some extent. FC was first isolated from neutrophils and monocytes by Fagerhol *et al* ([@b15-etm-0-0-8861]), and released into the intestinal lumen during the degerming process of inflammatory cells in the intestinal inflammation site. In patients with IBD, FC is an important intestinal inflammatory reactive protein, and FC plays a more important role in UC than Crohn\'s disease in determining disease activity. This study found that there was a statistically significant difference in FC concentrations between different UCEIS grades, and there was a correlation between the two. By analyzing CRP, ESR and Hb, it was found that CRP and Hb can distinguish mild and moderate UCEIS, but lack sensitivity to endoscopic differentiation of moderate to severe mucosal lesions. After analyzing the correlation between UCEIS and CRP, ESR and Hb, it was found that the correlation between UCEIS and the above three indicators was not good. The results indicated that CRP, as an inflammatory protein synthesized in the liver, lacks specificity for local inflammation in the intestine. As an indicator of acute and chronic infection, ESR is also less sensitive to ASC with different levels of activity. Patients with ASC are often accompanied by frequent bloody stools, and the progression of the disease may lead to decreased hemoglobin levels, but Hb does not distinguish endoscopic lesions.

The severity of ASC is directly related to the possibility of surgery. After 3 days of regular adequate steroid therapy, 85% of patients with hemorrhage more than 8 times/days or CRP greater than 45 mg/l will need surgery ([@b21-etm-0-0-8861]). Once a sufficient amount of steroid therapy for ASC patients for 305 days cannot achieve clinical remission, the treatment strategy should be switched immediately, and salvage treatment or surgery should be selected. There are a variety of clinical indicators for predicting surgery, in which the ones with good clinical operability and the comprehensive index composed of reliable and objective basis is applied in clinical practice, such as Oxford index, Swedish index and Ho index ([@b21-etm-0-0-8861]). The Oxford index and the Swedish index both consider CRP and the number of patients\' bowel movements as an important part. The Ho index lists the expansion of the colon and hypoalbuminemia as an important part on the basis of the number of bowel movements. All three indicators have certain predictive value in clinical practice. For example, when the Swedish index is \>8, the positive predictive value of surgery within 90 days is 69% ([@b24-etm-0-0-8861]). However, there are two main problems with the above clinical indicators. First, the classification is too simple, and the severity of inflammation in patients of the same level will be very different. Second, the indicators are mostly indirect, such as CRP, ALB level or the number of bowel movement, lack of direct attention to intestinal mucosal injury. Therefore, in the mid-1960s, Baron *et al* ([@b25-etm-0-0-8861]) introduced the degree of inflammation of the intestinal mucosa under colonoscopy into the Baron standard, which further increased the reliability of the standard.

This study confirmed that venous corticosteroid therapy had a higher failure rate (AUC=0.805) when the FC concentration value was \>1327 µg/g, and the patient has a higher degree of surgical potential (AUC=0.740) when the FC concentration was \>1681, as a simple indicator of intestinal mucosal damage. For the assessment of the condition, FC is relatively convenient to detect, without damage to the patient, it is easily accepted, and can be repeatedly tested for real-time monitoring and guidance. Accurate assessment of the patient\'s condition and the likelihood of failure of the patient\'s corticosteroid therapy can help the clinician make timely clinical decisions. Insignificant corticosteroid therapy will reduce the success rate of salvage treatment and increase the risk of surgery. The delay of treatment time will also further worsen the patient\'s general condition, and increase the complications of surgery.

In conclusion, FC has a good correlation with UCEIS in ASC patients, and the correlation is better than CRP, ESR and Hb. Fc is an ideal non-invasive procedure and is significantly associated with clinical outcomes in ASC patients. Dynamic monitoring of FC level in ASC patients can help clinicians accurately assess the likelihood of corticosteroid therapy and salvage treatment success, and change treatment strategy in a timely manner.
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###### 

Definition and composition of ulcerative colitis endoscopic severity score (UCEIS).

  Parameters (the most severe part of the lesion)   Score                                           Description
  ------------------------------------------------- ----------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------
  Vascular network                                  Normal (0)                                      Normal vascular network, clear branches of capillaries, or blurred or partially missing edges of capillary networks.
                                                    Incomplete occlusion (1)                        The vascular network is incompletely occluded.
                                                    Complete occlusion (2)                          The vascular network is completely occluded.
  Bleeding                                          None (0)                                        No visible bleeding.
                                                    Mucosal bleeding (1)                            The mucosal surface has coagulated bleeding spots that can be washed away.
                                                    Mild bleeding in the lumen (2)                  A small amount of active bleeding was seen in the lumen.
                                                    Intracavitary moderate to severe bleeding (3)   Obvious bleeding observed in the lumen, or mucosal oozing seen after flushing the lumen, or the mucosa of active bleeding was observed.
  Erosion and ulcer                                 None (0)                                        Normal mucosa, no erosion or ulceration.
                                                    Erosion (1)                                     Small (≤5 mm) damaged mucosa with neat edge, white or yellow.
                                                    Superficial ulcer (2)                           The larger (\>5 mm) mucosa is damaged, showing discontinuous fibrin-covered ulcers, but still superficial.
                                                    Deep ulcer (3)                                  The deep, transparent mucosa is damaged and the edges are slightly raised.

###### 

Patient data.

  Variable                               mean ± SD, n (%)
  -------------------------------------- ---------------------
  Sex (% female)                         39 (54.9)
  Age (years)                            42.1±14.8
  Comorbidity                            18 (17.8)
  Course of disease (month)              46.9±64.1
  History of smoking (within one year)   12 (16.9)
  Lesion and extent E2/E3                25 (35.2)/46 (64.8)
  Body temperature (˚C)                  37.0±0.6
  Heart rate (/min)                      82.5±13.3
  Defecation frequency (/day)            8.8±4.1
  White blood cells (x10^7^/mm^3^)       9.6±6.6
  CRP (mg/l)                             37.3±28.6
  ESR (mm/h)                             31.9±20.4
  Hemoglobin (g/dl)                      101.3±22.7

E2, left colitis; E3, pancolitis; CRP, C-reactive protein.

###### 

Fecal calprotectin, C-reactive protein, erythrocyte sedimentation rate and hemoglobin.

               Mild (2-4) (34)       Moderate (5-6) (47)     Severe (7-8) (20)       P1        P2
  ------------ --------------------- ----------------------- ----------------------- --------- -------
  FC (µg/g)    690.5 (57.7-1827.5)   1393.1 (603.5-2800.0)   1872.6 (900.3-2933.7)   \<0.001   0.016
  CRP (mg/l)   29.1±26.8             40.2±26.1               47.1±35.4               0.023     0.418
  ESR (mm/h)   29.1±19.7             34.9±21.2               29.7±20.1               0.228     0.401
  Hb (g/l)     111.0±22.4            97.7±21.8               89.9±18.2               0.011     0.211
  ALB (g/l)    39.6±11.7             31.5±13.7               28.2±9.9                0.016     0.071

P1, mild endoscopic activity (UCEIS, 2-4) vs moderate endoscopic activity (UCEIS, 5-6); P2, moderate endoscopic activity (UCEIS, 5-6) vs severe endoscopy activity (UCEIS, 7-8); FC, fecal calprotectin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; ALB, albumin.

###### 

Diagnostic efficacy of different cut-off points of UCEIS and fecal calprotectin on clinical outcomes of ASC.

  Clinical outcome              Indicator        Sensitivity (%)   Specificity (%)   AUC     AUC 95% CI    P-value
  ----------------------------- ---------------- ----------------- ----------------- ------- ------------- ---------
  Ineffective hormone therapy   UCEIS \>5.5      65.8              85.2              0.847   0.768-0.926   \<0.001
                                FC \>1327 µg/g   60.5              76.4              0.805   0.692-0.875   \<0.001
                                ALB \<29.6 g/l   60.1              73.4              0.747   0.616-0.792   0.017
  Surgery                       UCEIS \>6.5      69.0              79.4              0.831   0.733-0.927   0.010
                                FC \>1672 µg/g   80.2              66.7              0.740   0.638-0.845   0.006
                                ALB \<25.8 g/l   77.1              70.4              0.692   0.603-0.747   0.036

UCEIS, Ulcerative Colitis Endoscopic Index of Severity; ASC, acute severe colitis; FC, fecal calprotectin; ALB, albumin; AUC, area under the curve.
